INTRODUCTION
The reef is a term used by the scientific community to describe environments with a predominance of the hard substratum and is usually associated with coral reef barriers. However, it should be assumed that they are not the only ones featuring a reef environment, once the hard substratum comprising the reef environment may have been originated not only from colonial polyploid organisms (i.e., corals), but also from calcareous algae, sponges, bryozoans, rocks, artificial structures or even combinations of them , also __________________ Corresponding editor: Antonio Avila-da-Silva including sandy/muddy, gravel bottom areas adjacent to the reef. These highly rich and complex environments allow fish communities to reach their highest level of diversity within the marine ecosystem (Sale, 1991) , although this diversity varies according to geographical regions, being home for about 6300 species (Kulbicki et al., 2013) .
Any fish species that use or come nearby reefs' vicinity for refuge, feeding, breeding or just for displacement, can be characterized as a reef fish. In Brazil, at least 547 species (Freire & Carvalho-Filho, 2009 ) are assigned as reef fishes. They exhibit a wide variety of colors, shapes, feeding and reproductive strategies, and several intra-and interspecific associations . With such richness and diversity, reef fish makes up complex communities on rocky shores. Despite the lower topographic complexity when compared to coral reefs, rocky reefs may house a diverse fauna and flora associated .
Within the Brazilian province, rocky shore environments can be considered as one of the main habitats for reef biota is mainly present in the southsoutheast region of the country . According to Floeter et al. (2001) , rocky shores of the states of Paraná and Santa Catarina are part of southeastern Brazil, which covers the states from Espírito Santo to Santa Catarina.
There is an extensive literature on rocky shore fish communities for the south-southeast coast of Brazil (e.g., Hostim-Silva et al., 2006; Gibran & Mora, 2012; Simon et al., 2013) , but only a few address the rock reefs of the coast of Paraná and north Santa Catarina states (Godoy et al., 2007; Hackradt & Felix-Hackradt, 2009; Daros et al., 2012) . Sites with hard substrates such as coastal islands, rocky reefs, submerged outcrops, and limestone bottoms are scarce and barely mapped in this southern Brazilian continental platform. Thus, the study of these environments is of high ecological importance, once they provide suitable habitats for the development of communities with reef characteristics. The present study aimed to i) classify the species observed according to trophic category and geographical distribution, and ii) evaluate the rocky shore fish community structure of coastal islands of southern Brazil, by comparing the density, biomass and taxonomic distinctness among sampled islands.
MATERIALS AND METHODS

Study area
The study was performed along the islands in the southern coast of Brazil in the states of Paraná and Santa Catarina (Fig. 1) . In Paraná, the study was conducted at two sites: Currais Archipelago (25º44'S, 48º22'W) comprised of three islands, about 11 km off the coast, with depths between 1.5 and 16.0 m; and Itacolomis Island (25º50'S, 48º24'W), located 13 km off the coast, with depths ranging from 3.0 to 17.0 m. In Santa Catarina, about 3.5 km off the coast and about 37 km from Itacolomis Island, Graças Archipelago (26º10'S, 48º29'W) consists of five islands and six outcrops. Within the archipelago, the study was conducted in the islands of Paz, Pirata, Veado and Velha and at Baleia outcrop. The depth around the archipelago varies from 1.5 to 18.0 m. Rocky shores of islands have a moderate slope, between 45º and 60º, mainly formed by blocks and boulders (<1 m diameter). Only Baleia outcrop has a larger area and boulders larger than 1 m covered mainly by macroalgae, Palythoa sp. and Zoanthus sp.
Data collection
Data were obtained by underwater visual census (UVC), using the strip transect technique (ST) of 40 m 2 (20×2 m) (see also Floeter et al., 2007) , adopted as a sampling unit. Censuses were performed by SCUBA divers between October 2008 and January 2010, in the period from 07:00 to 15:00 h to avoid behavioral variation of species (Willis & Anderson, 2003) . Strip transects were performed at an average depth of 6 m.
Species were identified based on the identification keys and descriptions from ; , 1985 ; Randall (1996) ; Humann & Deloach (2002) ; Hostim- and Craig & Hastings (2007) . During besides species identification of species, divers obtained density (fish 40 m -2 ) and estimated total length in four size-classes (smaller than 10 cm; between 11 and 20 cm; between 21 and 30 cm; larger than 30 cm). Biomass (g 40 m -2 ) was calculated using reference length-weight curves of each species, where coefficients were obtained from Froese & Pauly (2014) , or when nonexistent, for the species closest to the genus. For the conversion, we used mean values of each length class (e.g., class 21-30 = 25 cm).
Trophic category
Fish observed in the study were grouped into eight trophic categories: carnivorous (CAR), mobile herbivorous (MOVH), territorial herbivorous (TERH), omnivorous (OMN), mobile invertebrate predator (MIP), sessile invertebrate predator (SIP), piscivorous (PIS), planktivorous (PLK), adapted from available literature (Randall, 1967; Opitz, 1996; Ferreira et al., 2004; Floeter et al., 2004 Floeter et al., , 2006 . 
Geographical distribution
Data analysis
In order to check for differences in taxonomic structure among locations, the indices of Average Taxonomic Distinctness (AvTD) (∆ + ) and Variation in Taxonomic Distinctness (VarTD) (Λ + ) were calculated as:
where: ωij is the ''distinctness weight'' given to the path length linking species i and j in the taxonomy and S is the number of fish species found in a sample (Xiujuan et al., 2010) . The value of ωij =1 was used as a constant step weight between taxonomic levels (Clarke & Warwick, 1999 ), AvTD, VarTD and trophic guilds between locations (fixed factor) were performed using a nonparametric Kruskal Wallis analysis of variance, with the package agricolae (Mendiburu, 2013) . Analyses were run in Primer 6 software (Clarke & Gorley, 2006) and in R environment (R Development Core Team, 2011).
RESULTS
At Currais Archipelago and Itacolomis Island, 168 ST was performed in each area. On the other hand, at the islands of Paz, Pirata, and Velha, 48 ST were performed per island, and at Baleia outcrop and Veados Island, 23 ST in each, totaling 526 ST.
In total, 19,377 fish belonging to 73 species were observed, distributed among 34 families, 8 orders and 2 classes. The Itacolomis Island showed the highest number of species, followed by Currais Archipelago (49), Pirata Island (37), Paz and Velha islands (both with 34), Baleia Island (31) and Veado Island (27). The Blenniidae and Carangidae families had six species each, followed by Epinephelidae, Haemulidae, Pomacentridae, and Scaridae, with five species in each family. Considering 526 ST, Stegastes fuscus, Malacoctenus delalandii, Parablennius marmoreus and Abudefduf saxatilis exhibited the highest frequency of occurrence (92.59%, 85.74%, 51.52%, and 46.96%, respectively). In relation to density, S. fuscus (9.56 fish 40 m ) showed the highest values of estimated biomass (Table 1) .
Geographical distribution
Among the observed species, approximately 60.27% (44) occur in the Western Atlantic, 20,54% (15) are Transatlantic and 9.58% (7) are endemic to Brazil. Species occurring in the Circumtropical Province, South Atlantic, and Southern Caribbean contributed with 5.48% (4), 2.74% (2) and 2.74% (2), respectively ( Fig. 2) .
Trophic category
The 73 species observed were grouped into eight trophic categories. Mobile invertebrate predators (MIIP) were the most diverse with 21 species (28.8%). Carnivorous (CAR) was the second category in a number of species (14), representing 19.2% of the total observed. The other categories together, omnivorous (OMN), mobile herbivorous (MOVH), piscivorous (PIS), planktivorous (PLK), territorial herbivorous (TERH) and sessile invertebrate predator (SIP) contributed with 52.5% of the number of species (11, 9, 6, 6, 4 and 2 respectively) MIP was also the trophic category with the highest density, 12.57 fish 40 m ). Approximately 32% of the total density at Baleia outcrop consisted of MIP species, followed by OMN (29.12%), PLK (17.99%) and TERH (13.19%). The sum of the remaining categories accounted for 7.55%.
At Currais Archipelago, species grouped into MIP, TERH, OMN represented respectively 41.42%, 24.94% and 15.75% of the total density, while CAR, MOVH, PIS, PLK, and SIP, together accounted for 17.89%. Thirty percent of the total density at Itacolomis Island was represented by MIP with TERH representing 29.81% and OMN with 27.29%. The other categories accounted for 11.23%.
In the Paz Island, the three categories with higher total density values accounted for 83.37%, where MIP contributed with 34.05%, OMN with 28.70% and TERH with 20.62%. At the Pirata Island, MIP and OMN were the trophic categories that contributed most to total density, with more than 30% each. Carnivorous and PLK accounted for 11.71 and 10.85%, respectively, of the total density in the island. On the other hand, TERH contributed with 42.77% of total density at Veado Island. MIP and PLK represented 20.93% and 17.19%, respectively. At the Velha Island, the trophic category that mostly contributed to the total density was MIP, with 35.25%, followed by TERH (26.11%) and PLK (19.04%). The other categories together contributed, in this island, with 19.60% (Fig. 3) .
MIP was the most representative group in terms of total biomass at Currais Archipelago (31.55%) and Velha Island (36.27%). In the Itacolomis Island, MOVH showed the highest biomass, contributing with 70.17% of total biomass. Nonetheless, the category OMN was the group with greatest biomass at Baleia outcrop (48.61%), Paz Island (40.55%) and Pirata Island (37.26%) (Fig. 4) .
Size class
Fishes in the length class of less than 10 cm accounted to a density of 25.96 fish 40 m -2 (70.47% of total). The length class between 11 and 20 cm showed a density of 9.37 fish 40 m 
Density (fish 40 m -2 )
Regarding fish density, the Kruskal-Wallis analysis of variance evidenced significant differences among locations (χ 2 = 96.64; P < 0.001). The highest density was found in the Itacolomis Island (48.18 ± 2.82 fish 40 m (Fig. 6) .
Taxonomic distinctness
The results of the Average Taxonomic Distinctness ∆ + (AvTD) and the Variation in Taxonomic Distinctness Λ + (VarTD) for each sampled area were within the 95% confidence interval. For Δ+, the values were very close to the index expected mean, corroborated by the analysis of variance (χ 2 = 3.53; P = 0.7394), differing only in species number, in which Itacolomis Island contributed with 51 species, Currais Archipelago, 49, Pirata Island, 37, Paz and Velha, 34 each, Baleia outcrop, 31, and Velha Island, 27 species (Fig. 7) . Island was statistically similar to Paz Island, which was also observed between Currais Archipelago, Paz Island and Velha Island (Fig. 8) (Fig. 9) .
DISCUSSION
This study encompassed the rocky shores of Currais Archipelago, Itacolomis Island and the Graças Archipelago covering an area of 21,040 m 2 through 526 40 m 2 -strip-transects. We observed 73 species, representing 13% of the total (547 species) registered along the Brazilian coast, according to Freire & Carvalho-Filho (2009) . For the islands of the State of Paraná, Hackradt & Félix-Hackradt (2009) and Daros et al. (2012) observed 77 species, of which 66% and 64% were observed only in the Itacolomis Island and Currais Archipelago, respectively. Godoy et al. (2007) conducted an underwater visual census, using the same methodology of this study, and only at Paz Island, the authors observed 33 species, one less than in the present survey. Considering the total number of species, Graças Archipelago had an absolute richness of 53 species.
Comparing the species richness of the present study with other studies performed in the south-southeastern Brazil, including our study area, the richness observed herein is close to that observed by Alves & Pinheiro (2011) demonstrated a higher richness. These differences between study areas are not only related to the morphology of each site or longitudinal variation, but also to the sampling effort applied for data acquisition, as well as, visual census methods, differences in sampled depths, sampling of different areas (protected from wave action) and degree of protection (no-take areas) and, different seasons along the year. Due to the proximity of the islands to large estuaries, strip transects were only conducted at an average depth of 6 m, where visibility is generally more favorable to the full accomplishment of the sampling procedures.
As to the number of species per family, Blenniidae, Carangidae, Haemulidae, Pomacentridae, and Scaridae showed the higher richness, which was also verified by Floeter et al. (2001) , who considered these families as the most representatives in species richness for the south-southeastern Brazil. According to these authors, the family Serranidae presented the highest richness. Craig & Hasting (2007) proposed an alteration in the family Serranidae, moving up the subfamily Epinephelinae to the family Epinephelidae, which shelters important large size genera (i.e., Epinephelus, Mycteroperca, Hyporthodus), which showed a significant number of species (5) in the present study.
The rocky shore fish assemblage observed herein is mainly composed of species occurring in the Western Atlantic and Northeast Brazil, despite the fact that the studied islands are located at subtropical latitudes. Even with a lower species richness compared with Laje de Santos State Marine Park (24º15'S, 46º10'W State of São Paulo) (Luiz Jr. et al., 2008) , the species composition in relation to geographical distribution is very similar. This distribution is mainly influenced by the Brazilian Current, warm and shallow waters, transporting tropical fish larvae to the coast of Santa Catarina, which according to Floeter et al. (2008) is the southernmost limit of reef fish distribution in Brazil.
The trophic categorization of species is a useful tool, which beyond taxonomic grouping, is a suitable way to infer ecological attributes like food availability and use of resources . Considering the species grouped into trophic categories, mobile invertebrate predators (MIP) showed the highest species richness, followed by carnivorous (CAR) and omnivorous (OMN). According to Ferreira et al., 2004 , the dominance of these groups in subtropical regions is a result of the decrease of mobile herbivorous (e.g., families Acanthuridae and Scaridae), considered a dominant group at lower latitudes, especially in densities. Moreover, MIP is described as the main trophic group in reef environments due to a large amount of available food at consolidated and unconsolidated bottoms (HarmelinVivien, 2002) . This group accounted for the highest densities observed, being Malacoctenus delalandii and Haemulon aurolineatun the species with the highest values within MIP. Accordingly, the biomass of MIP species had Anisotremus virginicus, H. aurolineatun and H. steindachneri (Haemulidae) as the most representative ones.
In relation to density and biomass, Odontoscion dentex was the main representative of the category CAR in the study area. This result differs from the observed in the southeastern Brazil, where Serranidae species were the most abundant . On the other hand, Chaves & Monteiro-Neto (2009) reported Labrisomus nuchipinnis as the most abundant among carnivorous species, ascribing the low abun-dance of Serranidae to the historical fishing pressure along the coast of Rio de Janeiro. Similarly, the low abundance of (large) Serranidae species in the islands reflects the growing demand and intensification of fishing effort for these valuable species (Medeiros et al., 1997; Gerhardinger et al., 2006) .
Besides that, omnivorous (OMN) was the group with the third highest density, differing from that observed along the coast of Rio de Janeiro, where OMN was the most abundant Chaves & Monteiro-Neto, 2009 ). Abudefduf saxatilis and Diplodus argenteus were the main species, both for density and biomass, showing great plasticity, inhabiting different reef environments and feeding on a wide range of resources (Carvalho-Filho, 1999; Harmelin-Vivien, 2002; Ferreira et al., 2004) .
In agreement with Ferreira et al. (2004) , Stegastes fuscus is the most abundant territorial herbivorous (TERH) species in reefs from the State of Pernambuco (NE Brazil) to the rocky shores of the north-central coast of the State of Santa Catarina. Among TERH, this species was the most frequent, abundant and the accounted for the second highest biomass contribution in our study.
Mobile herbivorous category (HOVH) had the lowest abundance in the southeast region compared with the North and Northeast Brazil, and exhibited the highest biomass, due to the presence of Acanthurus chirurgus and Kyphosus spp. Ferreira et al. (2004) compared trophic categories between latitudes and indicated that Acanthuridae was the most abundant from NE Brazil until Arraial do Cabo (State of Rio de Janeiro) and Kyphosidae dominated this niche down south to Santa Catarina. The geographical gap addressed by this study demonstrates that, in fact, with an adequate sampling effort, species like A. chirurgus shows a higher relative contribution to the reefs further south, differently than suggested by Ferreira et al. (2004) . Data from this study referring to herbivorous are consistent with Floeter et al. (2005) , who described a decrease in richness and abundance towards high latitudes, and the replacement of mobile by territorial herbivorous.
All other categories, piscivorous (PIS), planktivorous (PLK) and sessile invertebrate predators (SIP) had lower densities and biomass, compared with other categories. The main species were: Mycteroperca acutirostris (PIS), Coryphopterus glaucofraenum and Harengula clupeola (PLK) and Chaetodon striatus (SIP). Some studies (e.g., Floeter et al., 2007; Rangel et al., 2007; Chaves & Monteiro-Neto, 2009 ) have reported low richness and abundance of PLK on the coast, once greater abundances are observed on oceanic islands .
The vast majority of fish observed were smaller than 11 cm. This result was expected, once most species observed in this study had their maximum length close to 10 cm. Another factor is the ontogenetic migration of some species, such as E. marginatus (Machado et al., 2003) , in which juveniles inhabit shallow areas, seeking refuge/larger prey in deeper places while growing, thus reducing competition for space and food.
In our study, 40 m 2 -samples can be easily converted and comparable with any other unit of measurement that involves area. Regarding the number of fish per 40 m 2 , Itacolomis Island showed the highest density, which was statistically similar to Veado Island. Baleia outcrop, Currais Archipelago, Pirata Island and Velha Island showed no significant differences regarding fish density. Paz Island exhibited the lowest density. Biomass per 40 m 2 also differed between locations, with higher values in the Itacolomis Island and Baleia outcrop.
The Average Taxonomic Distinctness (AvTD) and the Variation in Taxonomic Distinctness (VarTD) provided a consistent picture of the taxonomic relationship within the reef fish assemblage (Clarke & Warwick, 2001) , based on the uniformity of taxa distribution in a hierarchical taxonomic tree (Xiujuan et al., 2010) .
Such indices pointed out to a uniform taxonomic relationship pattern within the reef fish assemblage in Southern Brazil (Clarke & Warwick, 2001; Shan et al., 2010) , which was expected given the proximity between the islands and the similar geomorphology of the rocky reef sites. The index VarTD evidenced no differences in the taxonomic structure between islands i.e., an assemblage made up of few genera (with several species), while other higher taxa are represented by only one (or few) taxa (Clarke & Warwick, 2001) . Indices also showed a positive correlation, that is, the higher the average taxonomic distinctness the higher the variation thereof.
Besides being a tool for monitoring environmental stress, the use of these indices can support the selection of specific sites for conservation, indicating locations with higher values of Average Taxonomic Distinctness, which consequently have higher ecological resilience. Our results evidenced that the rocky fish fauna that inhabits south Brazilian coastal islands' is dominated by few species, and contains taxa geographically widely distributed, with a predominance of generalist species; and although differing in richness, density and biomass, the islands do have a very similar taxonomic composition.
